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The writer has  for some t/me been engaged in  the study of the 
flora of the nose and throat both in well persons  and in those  suf- 
feting from infections of  the  respiratory tract.  Especial  attention 
has  been given  to  the presence of Bacillus  influemce  and pneumo- 
coccus,  and  some of  the  results  obtained have  already been pub- 
lished (1). 
During the course of these studies, certain observations have been 
made  concerning the  frequency of  occurrence of  influenza  bacilli 
and pneumococci in the nose and throat, and concerning the varie- 
ties  of influenza bacilli  which  are  present in  these  regions.  It  is 
possible that these findings may have a bearing upon the etiology of 
lobar pneumonia, and for this reason they are reported here. 
Methods. 
The throat cultures were made by means of cotton swabs passed 
over the posterior wall of the pharynx.  Two swabs  were used in 
each case--with one a freshly poured oleate hemoglobin agar plate 
was inoculated, with the other a  fresh blood agar plate. 
Cultures  from  the  nose were made by means of a  cotton  swab 
passed through a  sterile speculum in order to avoid contamination 
from the nasal hairs.  Cultures were usually made from the nasal 
mucous membrane in  the  region of  the  middle  turbinate,  though 
occasionally a  deviated septum  prevented the  introduction of the 
swab  as  far as  this  region.  The swabs were streaked over freshly 
poured blood agar plates. 
Attention was given not only to the occurrence of colonies of pneu- 
mococcus and  of Bacillus  influenz¢e, on  the  various  plates,  but  an 
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effort was made to  determine the type of influenza bacilli present 
and  especially whether bacilli of more than one type could be iso- 
lated from a  single culture.  For this  reason, whenever colonies of 
Bacillus  influenz6e were  present,  several  individual  colonies  were 
marked  and  a  secondary  culture  on  a  fresh  blood agar slant was 
made from each of the colonies.  In  the  present  paper,  the  occur- 
rence of hemoglobinophilic bacilli producing hemolysis on blood agar 
plates, the so called  Bacillus  X,  is not  discussed and  the presence 
of  this  organism  is  not  noted.  All  organisms  here  described  as 
Bacillus influenz¢e failed to produce hemolysis. 
The media used in this study had an hfitial hydrogen ion concen- 
tration of about pH  7.4.  The blood agar was prepared by adding 
sterile defibrinated rabbit blood to melted agar to a  concentration of 
4  per cent or by adding blood extract,  according to Wollstein's  (2) 
method, to  a  concentration of 2  per cent. 
In  this  connection, it  should  be  mentioned that  all  solid  media 
employed in  the cultivation of Bacillus  influenza~ should be freshly 
prepared.  The addition of a little broth to the surface of old blood 
agar plates will not give satisfactory results.  In the present study, 
the plates  were poured within  an hour  of use.  For making  fresh 
oleate hemoglobin plates, it is well to employ tubes of oleate medium 
which may be melted as needed.  Care must be taken that the blood 
cells are completely hemolyzed before the oleate agar is  tubed.  If 
this is not done, upon remelting the agar a heavy protein precipitate 
will be formed. 
Indole  production  was  tested  by  Ehrllch's  para-dimethylamino- 
benzaldehyde method.  The'clear  supernatant  fluid  from 48  hour 
cultures in blood broth  or in Dunham's peptone solution  enriched 
with  blood  extract  was  used.  Since  an  occasional  strain,  which 
apparently had  grown luxuriantly, failed to  produce indole on  the 
first test,  all tests  resulting negatively were repeated at least once. 
Gas production was tested by making either stab or shake cultures 
in 1 per cent dextrose agar to which blood extract had been added. 
Since the amount of gas produced is never very great,  all  negative 
tests were repeated. 
The sugar fermentation tests were made with cultures in Dunham's 
peptone solution  enriched with  2  per  cent blood  extract.  All  cul- ERNEST  G.  STILLKAN 
ture  tubes were incubated  in  a  slanted  position  so as  to  expose as 
large a  surface of the medium as possible to the air,  since acid pro- 
duction  has  been  shown  to  be more  rapid  under  these  conditions. 
As  a  routine  procedure,  dextrose,  which  92  per  cent  of the  strains 
fermented,  was used as a  control,  and  saccharose  as the differential 
sugar. 
Occurrence of Bacillus  influenza, in  the  Upper  Respiratory  Tract  of 
Normal ImZividuals and of Individuals  Suffering from 
Lobar Pneumonia. 
During the recent epidemic of influenza  in  New  York in  1918-19 
and in  the succeeding winters,  the writer made many cultures from 
the throats of normal individuals to determine the presence or absence 
of Bacillus influenzce.  During the period 1918-21, cultures were made 
from  the  throats  of  1,077  normal  individuals,  and influenza  bacilli 
were demonstrated  to be present  in 332, or in 30 per cent (Table I). 
While  cultures  have been made from  the nose in  a  much  smaller 
number  of normal  individuals  and  then  only during  the  past  year, 
1920-21, the results indicate that hemoglobinophilic bacilli are rarely 
found  here,  even  in  persons  suffering  from  coryza,  laryngitis,  etc. 
(Table II). 
In  marked  contrast  with  these  findings  are  the  results  obtained 
in  a  series  of cultures  made  from  the  nose  and  throat  of patients 
suffering from  lobar pneumonia.  In  thirty-one  of these  cases,  cul- 
tures were made from the throat,  and in eighteen, or from 58 per cent 
of the  cases,  influenza  bacilli were isolated (Table I).  In thirty-five 
cases  of pneumonia,  cultures  were  also  made  from  the  nose  and 
influenza  bacilli were isolated from  this  source  in nine,  or in 23 per 
cent (Table II).  In certain other cases influenza bacilli were isolated 
from  the  sputum  when  they  could  not  be  demonstrated  in the 
cultures  from  the  nose  or  throat.  Among  the  entire  thirty-five 
cases,  influenza  bacilli were isolated from  at least one of these three 
sources  in  thirty,  or  85  per  cent  of  the  cases.  These  cultures 
were made  during  the  winter  of  1920-21,  2  years  after  the  severe 
epidemic  of influenza.  During  this  winter  few cases  of typical in- 
fluenza  occurred  in New York.  That  this  great frequency of asso- 
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is not directly re]ated to the epidemic is further rendered probable 
by the fact that during the 5 years previous to the epidemic, namely 
from 1913-18,  influenza bacilli were isolated from the sputum of 20 
per cent of 672  cases of pneumonia studied in the Hospital of The 
Rockefeller Institute.  While  the  relative  number  of  instances  in 
which influenza bacilli  were isolated from this  series  of pneumonia 
TABLE  I. 
Incidence  of B. influenz,e in Throat  Cultures from Normal  Individuals  and from 
Individuals Suffering from Lobar Pneumonia. 
Date.  I  T°ta] N°'°f  [  Positive  I  Percent 
individuals,  cultures,  positive. 
Normal  individuals. 
Winter of 1918-19 .........................  [  717  256  35 
"  "  1919-20 .........................  I  253  44  17 
i 
"  "  1920-21 ........................  "t  107  32  29 
I 
Total ..................................  I  1,077  332  30 
Patients  with lobar pneumonia. 
1920-21 ..................................  31  I  18  I  58 
TABLE  II. 
lncide~e of B. influenzoe ~n the Nose  of Normal  Individuals  and of Individuals 
Suffering from Acute Coryza, Laryngitis,  Encephalitis  Lethargica, 
and  Lobar Pneumonia. 
Source of culture. 
Normal individuals ...................... 
Acute coryza and laryngitis  ............... 
Encephalitis lethargica ................... 
Lobar pneumonia ..................... 
No.  of  cases. 
22 
13 
2 
35 
Cultures. 
28 
23 
2 
35 
B. &aque.ze 
present. 
m 
9 
patients is not as great as the percentage of normal persons who in 
1918-21 were found to be carrying these organisms, it must be borne 
in mind that  influenza bacilli were only incidentally looked for in 
the pneumonia patients previous to  1918 and were only brought to 
our  attention by  their  growth  in  the  mouse  into  which  sputum 
had  been  injected.  These  figures  indicate  that  influenza  bacilli ERNEST  G.  STILLMAN  11 
are much more frequently present in the upper respiratory tract of 
patients with lobar pneumonia than of normal persons, or at any rate 
can be more frequently isolated.  This is especially true of the occur- 
rence of these bacilli in the throat but is also true of their occurrence 
in the nose. 
In  searching  for influenza  bacilli in  the nose,  we have  also noted 
the presence or absence of pneumococcus.  In the cultures from the 
nose  of  the  twenty-two normal individuals mentioned in Table II, it 
was possible to isolate pneumococcus in only one instance.  More sur- 
prising  were the results  obtained from nasal  cultures  from the thir- 
teen cases of coryza and  laryngitis  and  from the two cases of enceph- 
alitis  lethargica.  In  these  instances  no  pneumococci  were  found. 
Park  (3), Allen  (4),  and  others have previously shown that cultures 
from the nose of normal individuals usually yield a very scanty growth 
of bacteria.  Not infrequently  cultures  from  this  region  have  been 
found to be sterile. 
On the other hand, we have made cultures from the nose in thirty- 
five cases of lobar pneumonia,  and  in fifteen instances pneumococci 
were demonstrated  to be present.  In the majority of instances,  the 
type of pneumococcus isolated was determined and the organism was 
found  to  be  identical  with  those  associated  with the lung lesion as 
shown by the sputum determination. 
Types of Bacillus influenzce in Nose, Sputum, and Throat Cultures 
from Individuals  Suffering from Lobar Pneumonia. 
In  the  classification  of the influenza  bacilli,  use was made  of the 
grouping  devised  by Stillman  and  Bourn  (5).  The  following chart 
indicates  briefly the method  employed and  the mode of identifying 
the various groups. 
Group. 
A.  B.  C.  D.  E.  F. 
Indol~  ................................  +  --  --  --  +  -- 
Gas  ...................................  -  +  -  -  -  + 
Saccharose  .............................  --  +  +  --  +  -- 
From  a  study  of  the  hemoglobinophilic  bacilli  isolated,  it  soon 
became evident that  the organisms present in any one case or even 
in any one culture were not  all of the same type.  It was therefore 
impossible  to group  the  cases according  to  the presence of Bacillus 12  BACILLUS  IN~'LIYEI~Z2E IN  LOBAR  PNEUMONIA 
influenza  of the different types or  even of the prevailing type.  A 
study was made, therefore, of all the strains isolated from cases of 
lobar pneumonia during the winter of  1920-21  and  the results  are 
shown in Table III. 
It is evident from this table that the strains of Bacillus  influenzcs 
isolated from the  nose,  throat,  and  sputum of patients with lobar 
pneumonia do not belong in any one group, but that representatives 
of all groups occur, though the strains belonging in Group A  are in 
the majority. 
Of still greater importance than this, however, is the fact that in 
certain instances the study of several colonies from the same culture 
TABLE  III. 
A  Biological  Classification  of 140 Strains of B. influenzce Recovered from the Throat, 
Sputum, and Nose of Thirty-five Individuals Suffering from Lobar Pneumonia. 
Source of culture. 
rhroat  ................. 
Sputum via mouse  ........ 
.~asal  .................. 
Total.. 
Total No. of 
cultures. 
32 
8 
35 
75 
No. of strains 
studied. 
91 
18 
31 
140 
Group. 
A.  c.  ID.  .F. 
5812011o  50!  2 
B. influemce present in 30 cases. 
"  "  absent  "  5  " 
Total  35  " 
plate from the nose or throat has indicated that influenza bacilli of 
several  different  groups  may  be  simultaneously present.  For  in- 
stance, in one case from a  single plate made from the throat, of five 
colonies of  Bacillus  influenz6e  studied,  two  colonies were  shown  to 
consist of influenza bacilli of Group C, and three of influenza bacilli 
of  Group  D,  and  in  another  case  three  colonies  from  a  throat 
culture plate were studied and  the bacilli from each of the  colonies 
were found to belong in a  different group. 
Of seven cases of lobar pneumonia in which both nose and throat 
cultures yielded Bacillus influenzve,  in three a single type of organism 
was recovered from both nose and throat.  In four instances, differ- 
ent type strains were recovered from these two  sources. EP,  NEST  G.  STILLM.AN  13 
DISCUSSION. 
At  the  present  time,  the  significance  of  the  above  findings is 
not definite, though certain explanations suggest themselves.  Evi- 
dence has been accumulating which indicates that the mere presence 
of pathogenic pneumococci in the upper respiratory tract, or even in 
the lungs, is in the great majority of cases, possibly in all, not suffi- 
cient in itself to initiate the disease lobar pneumonia in man.  It is 
true that Blake and Cecil  (6)  have shown that pneumonia may be 
induced in monkeys merely by the introduction of virulent pneumo- 
cocci into the trachea,  but the axnount of culture employed was of 
considerable size,  and in any case, in natural infection in man some 
preceding event would have to  be postulated which would make it 
possible for the organisms to reach the trachea in sufficient numbers to 
initiate the disease.  Furthermore, Blake and Cecil found it difficult 
to transmit Type I  pneumonia from monkey to monkey by intimate 
and prolonged contact alone, only one out of six attempts being suc- 
cessful.  They were also unable to  initiate pneumonia in monkeys 
by the instillation of large amounts of a culture of virulent pneumo- 
coccus into the nose and throat, though the monkeys carried pneumo- 
coccus in the mouth for a month.  From these observations, it seems 
likely that  the mere presence of pneumococci in  the normal upper 
respiratory tract,  or  even in  the lung,  can rarely,  if ever,  be held 
accountable for the onset of pneumonia. 
More and more attention is  therefore being given to  the factors 
which are concerned in etiology previous to actual infection by the 
pneumococcus.  It has been shown that 40 per cent of the cases of 
lobar pneumonia give a history of coryza (7) or other mild infection 
of the respiratory tract preceding the onset of pneumonia.  It seems 
quite  possible  that  a  variety  of  contributing  factors  at  present 
unknown, such as  mild unrecognized infections, may act in lowering 
the local or general bodily resistance so that the pneurnococcus may 
invade and infect the lungs. 
Our observation that Bacillus influeme~ and pneumococci are fre- 
quently present in the nose and throat of pneumonia cases therefore 
suggests that these organisms may have been responsible for a coryza 
or infection of the mucous membranes of the nasopharynx preliminary 14  BACILLUS  IN~LIY~:NZ2E  IN  LOBAR  PNEUMONIA 
to  the  infection of the  lung with  the pneumococcus.  It  must  be 
borne in mind, however, that the relation of these organisms to ordi- 
nary colds is at present purely hypothetical.  In any case, our obser- 
vations indicate that in coryza and laryngitis, it is unusual for these 
organisms to be present in the nose. 
Another possible  explanation is  that  during  the  course of  acute 
lobar  pneumonia,  the  entire mucous membrane of  the  respiratory 
tract loses  certain properties antagonistic to  the  growth of  micro- 
organisms, and that under these conditions all  varieties of bacteria 
which normally grow sporadically are able to grow with great vigor. 
At present, however, the exact significance of our observation cannot 
be established and the above possibilities  are offered merely as sug- 
gestions. 
The fact that the hemoglobinophilic bacilli found in the upper re- 
spiratory tract of a  given individual under the conditions discussed 
are not all of the same variety, is at first confusing and difficult to 
understand.  One should bear in mind, however, the conditions in 
regard to the pneumococcus about which knowledge has been greatly 
increased  during  recent  years.  It  is  well  known that  pneumo- 
cocci  are  of  several  types.  Epidemiological  evidence  indicates 
that  the  Type  IV  pneumococci  are  relatively  harmless  and  are 
normal inhabitants  of  the  upper  respiratory  tract,  while  Type  I 
and  Type  II  pneumococci  are  almost  always  found  in  associa- 
tion with disease.  It is not infrequent to find two types of pneu- 
mococci in  one mouth,  especially  in  the  mouths  of persons  who 
have been in close  association with pneumonia patients,  but up  to 
the present time the writer has never encountered a Type IandaType 
II pneumococcus in  the mouth at  the same time.  When pneumo- 
cocci of one of these two types are present, together with pneumococci 
of Type IV,  it is  probable that the latter were present before the 
advent of the Type I  or Type II pneumococci.  Furthermore, the 
work of Olmstead (8)  indicates that Type IV pneumococci may be 
further  subdivided  into  definite types.  Whether all  the  pneumo- 
cocci of Type IV which are found in a single mouth are identical or 
not is not certain.  It is not at all impossible  that they may be of 
different kinds. ERNEST G.  STILLMAN  15 
As regards hemoglobinophilic bacilli,  the methods which have so 
far been proposed for separating them into groups or types cannot be 
said to be satisfactory.  It is not possible  at present to separate the 
saprophytic  from  the  disease-producing  varieties.  The  tentative 
classification based  on  indole production,  gas  formation,  and  sac- 
charose fermentation which we have proposed may not be based on 
fundamental differences in  the bacteria.  When  further knowledge 
concerning this group is obtained, the presence of several varieties 
in  one mouth may possibly be  shown to  depend upon  conditions 
analogous to those relating to pneumococcus. 
SUMMARY° 
1.  Bacillus influem~r  is frequently found in association with lobar 
pneumonia. 
2.  In lobar pneumonia both Bacillus influenz~ and pneumococcus 
are frequently found in the nose. 
3.  The influenza bacilli  found in  the  upper  respiratory tract  of 
cases of lobar pneumonia are of various types. 
4.  The exact significance of these findings is  at the present time 
not clear. 
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